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PHOSPHORAMIDITE COMPOUNDS AND 
PROCESSES 

The inventions described herein were made in the 
course of work under a grant or award from the De- 
partment of Health, Education and Welfare. 

This invention relates to new and useful Phosphorus 
compounds which are particularly useful in the produc- 
tion of oligonucleotides. 

CROSS REFERENCE 

M. H. Caruthers et al. copending and commonly 
assigned patent application Ser. No. 247,144 filed Mar. 
24, 1981. 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 

The presentlnvention relates to new and useful phos 
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In the aforementioned commonly assigned patent 
application are described methods for forming intern u- 
cleotide bonds, i.e. bonds linking nucleosides in an oli- 
gonucleotide or polynucleotide, by reaction of halo- 
phosphoridites with suitably blocked nucleoside or oli- 
gonucleotide molecules: 

The deoxynucleoside-modified silica gel is condensed 
with a selected nucleoside through formation of a tri- 
e&ter phosphite linkage between the 5'-OH of the deox- 
ynucleoside. The phosphite linkage can be produced by 
first incorporating the phosphite group onto the 5'-OH 
of the nucleoside on the silica gel followed by conden- 
sation with the added nucleoside through the 3'-0H. 
Alternatively, and preferably, the phosphite group is 
incorporated into the added nucleoside at the 3'-OH 
(the 5'-0H being blocked as by tritylating) and the 



phoramidites which are intermediates for polynucleo- 20 resulting nucleoside phosphite then reacted with the 
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tides synthesis, as well as the improved process for 
production of oligonucleotides from which polynucleo- 
tides are prepared. 

2. Description of the Prior Art 

Numerous attempts have been made to develop a 25 
successful methodology for synthesizing sequence de- 
fined oligonucleotides. However, the stepwise synthesis 
of polynucleotides, and specifically oligonucleotides 
still remains a difficult and time consuming task, often 
with low yields. One prior art technique has included 30 
the use of organic polymers as supports during polynu- 
cleotide synthesis. Classically the major problems with 
polymer supported synthesis strategies has been inher- 
ent in the nature of the polymer support. Various prior 
art polymers used in such synthesis have proven inade- 
quate for reasons such as: (1) slow diffusion rates of 
activated nucleotides into the support; (2) excessive 
swelling of various macroporous, low cross-linked sup- 
port polymers; and (3) irreversible absorption of reagent 
onto the polymer. Sec for example, V. Amarnath and A. 
D. Broom, Chemical Reviews 11, 183-217 (1977). 

Modified inorganic polymers are known in the prior 
art, primarily for use as absorption materials, for exam- 
ple, in liquid chromatography. The attachment of nu- 
cleosidephosphates to silica gel uang a trityl linking 45 
group is described in the prior art (H. Koster, Tetrahe- 
dron Letters, 1527-1530, 1972) but the method is appar- 
ently applicable only to pyrimidine nucleoades. The 
cleavage of the nucleoside from the silica support can 
only be accomplished with acid to which the purine 50 
nucleosides are sensitive. 

The production of phosphotriester derivatives of 
oligothymidylatcs is described in literature (R. L. Let- 
singer and W. B. Lunsford, Journal of the American 
Chemical Society, 98:12, 3655-3661) by reaction of a 55 
phosphorodichloriditc with a 5'-G blocked thymidine 
and subsequent reaction of the product with a 3'-0 
blocked thymidine followed by oxidation of the result- 
ing phosphite to a phosphate and removal of blocking 
groups to obtain the phosphotriesters; using this proce- 60 
dure, the tetramer and pentamer products, dTpTpTpT 
and TpTpTpTpT in which T is thymidine were pre- 
pared. Unfortunately, the process requires separation 
and purification of products at each stage to ensure 
proper sequencing of the added nucleosides. Separation 65 
techniques including precipitation and washing of pre- 
cipitates are necessary*: to implement each successive 
stage reaction. : > a ! . . ; ; 



5'-OH of the nucleoside of the silica gel. 

The deoxynucleoside-modified silica gel can also be 
condensed with a selected nucleoside through forma- 
tion of a triester phosphite linkage between the 3'-OH of 
the deoxynucleoside of the silica gel and the 5'-OH of 
the selected deoxynucleoside. The phosphite linkage 
can be produced by first incorporating the phosphite 
group onto the 3*-OH of the nucleoside on the silica gel 
followed by condensation with the added nucleoside 
through the 5'-0H. Alternatively and preferably by this 
approach, the phosphite group is incorporated into the 
added nucleoside at the 5*-0H (3'-0H being blocked as 
by tritylating using art form procedures) and the result- 
ing nucleoside phosphite then reacted with the 3'-OH of 
the nucleoside on the silica gel. 
The general reaction can be represented by the fol- 
40 lowing: — 
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The preferred reaction is represented as follows: 
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wherein © is an inorganic polymer linked to the 3' or 
5'-0- of the nucleoside through a base hydrolyzable 25 
covalent bond; R is H or a blocking group; Ri is a hy- 
drocarbyl radical containing up to 10 carbons; each B is 
a nucleoside or deoxynucleoside base; and each A is H, 
OH or OR2 in which R2 is a blocking group; and X is 
halogen, preferably CI or Br or a secondary amino 30 
group. 

The compounds of structure 11 and Ila wherein X is 
a 2* amino group include those in which the amino 
group is an unsaturated nitrogen heterocycle such as 
tctrazole, indole, imidazole, benzimidazole and similar 35 
nitrogen heterocycles characterized by at least two 
ethylenic double bonds, normally conjugated, and 
which may also include other heteroatoms such as N, S 
or O. These compounds of structure II and Ila wherein 
X is such a heterocyclic amine, i.e., one in which the 40 
amino nitrogen is a ring heteroatom, are characterized 
by an extremely high reactivity, and consequently rela- 
tively low stability, particularly in the indicated prepa- 
ration of compounds of structure III and Ilia. These 
phosphoramiditcs and the corresponding chloriditcs 45 
from which they are prepared are unstable to water 
(hydrolyds) and air (oxidation). As a consequence, such 
compounds can only be maintained under inert atmo- 
sphere, usually in sealed containers, at extremely low 
temperatures generally well below 0° C. Thus, the use 50 
of these compounds in the preparation of compounds of 
structure III and Ilia requires extreme precautions and 
careful handling due to the aforesaid high reactivity and 
low stability. 

The present new compounds are of structure II and 55 
Ila wherein X is a certain type of secondary amino 
group. Specifically, the present new compounds are 
those in which X is a saturated secondary amino group, 
i.e. one in which no double bond is present in the sec- 
ondary amino radical. More particularly; X is NR2R3» 60 
wherein R2 and R3 taken separately each represents 
alkyl, aralkyl, cycloalkyl and cycloalkylalkyl contain- 
ing up to 10 carbon atoms, R2 and R3 when taken to- 
gether form an alkylene chain containing up to 5 carbon 
atoms in the principal chain and a total of up to 10 65 
carbon atoms with both terminal valence bonds of said 
chain being attached to the nitrogen atom to which R2 
and Rjarc attached; and R2 and R3 when taken together 



with the nitrogen atom to which ihey are attached form 
a saturated nitrogen heterocycle including at least one 
additional heteroatom from the group consisting of 
nitrogen, oxygen and sulfur. 

The present new compounds arc not as reactive as 
those of the aforesaid copending application and not as 
unstable. However, the present new compounds do 
react readily with unblocked 3'-OH or 5'-OH of nucleo- 
sides under normal conditions. The present new phos- 
phoramidites are stable under normal laboratory condi- 
tions to hydrolysis and air oxidation, and are stored as 
dry, stable powders. Therefore, the present new phos- 
phoramiditcs are more efficiently employed in the pro- 
cess of forming intemucleotide bonds, particularly in 
automated processing for formation of oligonucleotides 
and polynucleotides as described in the aforesaid co- 
pending application. 

Amines from which the group NR2R3 can be derived 
include a wide variety of saturated secondary amines 
such as dimethylamine, diethylamine, diisopropyl- 
amine, dibutylamine, methylpropylamine, methylhex- 
ylamine, methylcyclopropylamine, ethylcyclohexyla- 
mine, methylbenzylamine, methylcyclohexylmethyla- 
mine, butylcyclohexylamine, morpholine, thiomorpho- 
line, pyrrolidine, piperidine, 2,6-dimethylpiperidine, 
piperazine and similar saturated monocyclic nitrogen 
heterocycles. 

The nucleoside and deoxynucleoside bases repre- 
sented by B in the above formulae are well-known and 
include purine derivatives, e.g. adenine, hypoxanthine 
and guanine, and pyrimidine derivatives, e.g. cytosine, 
uracil and thymine. 

The blocking groups represented by R in the above 
formulae include trityl, methoxytrityl, dimethoxytrityl, 
dialkylphosphite, pivalyl, isobutyloxycarbonyl, t-butyl 
dimethylsilyl, and similar such blocking groups. 

The hydrocarbyl radicals represented by Ri include a 
wide variety including alkyl, alkenyl, aryl, aralkyl and 
cycloalkyl containing up to about .10 carbon atoms. 
Representative radicals are methyl, butyl, hexyl, phen- 
ethyl, benzyl, cyclohexyl, phenyl, naphthyl, allyl and 
cyclobutyl. Of these the preferred are lower alkyl, espe- 
cially methyl and ethyl. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The preferred new compounds are those of structure 
Ha wherein X is di-lowcr alkyl amino, pyrrolidino, 
morpholino or piperidino, particularly preferred being 
the lower alkyl amino, especially dimethylamino and 
diethylamino; A is H; Ri is lower alkyl; R is a trityl 
group; B is a nuceloside or deoxynucleotide base; and 
(2) is silica gel. 

The new compounds of the present invention can be 
prepared according to art-recognized procedures such 
as by reaction of the selected secondary amine with the 
corresponding nucleoside phosphomonochloridite. 
This reaction is accomplished by dissolving the said 
nucleoside in an organic solvent, such as tetrahydrofu- 
ran or acetonitrile, and adding the selected secondary 
amine. After removing unwanted hydrochloride salt, 
the organic solvent solution of the phosphoramidite 
may be used as such for polynucleotide synthesis or the 
product can be isolated from the organic solvent solu- 
tion and purified before further reaction. 

As a further embodiment of the invention, the phos- 
phoramiditcs are preferably prepared by forming the 



4,415,732 

5 6 

desired chloro-(2' amino)aIkoxyphosphine and thereaf- blocking groups and blocking groups on the nucleoside 

Icr condensing this product with the selected nucleo-. base moieties as described in the aforesaid copending 

side. This procedure obviates the difficulties of handling application, generally by hydrolysis, with ammonia, 

inherent in the case of the nucleoside phosphomono- As used herein the symbols for nucleotides and 

chlorodite which is susceptible to moisture hydrolysis 5 polynucleotides are according to the lUPAC-IUB 

and air degradation. Commission of Biochemical Nomenclature Recommen- 

The reaction of the chloro-Cl" amino)alkyoxyphos- dations [(1970) Biochemistry 9, 4022], 

phine is effected in an organic solvent solution of the The following examples further illustrate the inven- 

selected nucleoside, preferably in the presence of a tion. 

tertiary amine to take up the hydrogen c' ' : ' formed 10 pi p t 

in the condensation reaction. Thj reactioh proceeds EXAMPLE I 

smoothly at room temperature in a dry atmosphere and Preparation of phosphoramidites of the formula: 
under an inert gas such as N2 or helium. Organic sol- 
vents useful for this reaction include any solvent which 

will dissolve the reactants such as diethyl ether, chloro- 15 DMTO- 
form, methylene chloride, ethylene chloride, ethyl ace- 
tate, and the like. The solution of product is separated 

from the precipitated hydrochloride salt of the added ^ 

tertiary amine and can be used as such in forming poly- . | 

nucleotide or alternatively can be separated froni the 20 P— 0CH3 

solvent and punfied as by crystallization before further N(CH3)2 
use. While the foregoing disclosure has mentioned the 

use of chloro compounds, it should be understood that represented as compounds I-I V, in which in coihpound 

bromo compounds can be used as desired with essen- I B— l-Thyminyl- 

tially the same results. 25 b= iKN-4-ben^ylcytosinyl); 

When the present new compounds are used m form- B=9-(N^4jenzoyladeniny!); 

ing mternucieottde bonds, they are preferably em- B=9^.2HSobutyrylguaninyl); 

ployed with proton donors. Thus the phosphoramidites DMT=di-p^isylphenylmethyl. 

are activated by acidic compounds through protonation ^ com^junds I-I V begins with the 

which fa^htates the desired mternucleot.de bond for- 30 chloro-NT NHdimethylaminomethoxy- 

mation. The acidic compounds to be employed for the ^ J (CH3O P(C1) N(CH3)2] which is used a 

purpose of the said activation are preferably mildly ^ ^' , ^ ^ , a i<n «,i ^aa-. 

•J- -J • I J r « I* • u.. monofunctional phosphitylating agent. A 250 ml addi- 

acidic and include, for example, amine hydrohalide salts > 1 t. j -n. i/v\ 1 r ^ 

and nitrogen heterocyclic compounds such as let- tion funnel was charged 

razoles, imidazoles, nitroimidazdies. benzimidazoles 35 ^^^"^ ^^^^l-/^^*^ ^^^^ 

and similar nitrogen heterocyclic proton donors. The drqus <Im.ethylamme (45.9 g, 1.02 rnoO^ The addmon 

amine hydrohalide salts to be used for the protonation wrapped with aluminum foil containing dry 

activation are preferably tertiary amine salts, and, prcf- Iff. ^" "^^^ ^''^^f evaporation of dimethylamina 

erably, the hydrochloride salts, although hydrobro- This solution was added dropwise at -15 C.(ice-ace. 

mide, hydroiodide or hydrofluoride salts can also be 40 tone bath) over 2 h to a mechanically s^^ 

used, the aforesaid tertiary amines include, for exam- methoxydichlorophosphme (47^ml. 67.32 g, 0.51 mol) 

pie. dimethylaniline, diisopropylaniline. methyle- 300 ml of anhydrousxther. The addiuon funnel was 

thylaniline, methyldiphenylamine. pyridine and similar removed and the 1 1., three-necked round bottom flask 

tertiary amines stoppered with serum caps tightened with copper 

When the nucleoside is guanosine. i.e. where B is 45 wire. The suspeiis!on\vas mechanically stirred for 2 hat 
guanine, the use of amine hydrochlorides is not very room temperature, then filtered and the amme hydro- 
effective for the purpose of activation, ic. by proton- chloride salt washed with 500 ml anhydrous ether. The 
ation. With those compounds in which B is guanine, combined filtrate and washings were disUUed at atmo- 
activation is preferably accomplished with the aforesaid spheric pressure and the residue under reduced pr^- 
nitrogen heterocyclic hydrogen donors. 50 sure. The product was distflled at 40'-42* C 13 mm Hg 

Of course, as described in the aforesaid copending and was isolated in 71% yield (51.1 g* 0,36 mol). 

application, once the intemucleotide bond is formed. d25= 1.115 g/ml. ^ip-N.M.R., =-179.5 ppm (CDQs) 

the product is then further treated to remove blocking with respect to internal 5% v/v aqueous H3PO4 stan- 

groups, e.g. blocking group R, which permits reaction <lard. <H-N.M.R. doublet at 3.8 and 3.6 ppm J/».w=14 

with a further nucleoside of formula II herein and re- 55 Hz{3H, OCH3) and two singlets at 2.8 and 2.6 ppm (6H, 

peat reaction gives rise to the polynucleotide of deter- N(CH3)2). The mass spectrum showed a parent peak at 

mined sequence of nucleotides attached to the silica gel m/e= 141. 

through the covalently-bonded linking groups, e.g. The 4'-0-di-p-anisylphenylmethyl nucleoside (I 

ester linking group. mmol) was dissolved in 3 ml of dry, acid free chloro- 

Aftcr each nucleoside is added, the phosphite group 60 form and diisopropylethylamine (4 mmol) in a 10 ml 

preferably should be oxidized to phosphate, usually by reaction vessel prefiushed with dry nitrogen, 

reaction with iodine as oxidizing agent, although this (CH30P(CI)N(CH3)2] (2 mmol) was added dropwise 

can be accomplished by reaction with peroxides such as (30-60 sec) by syringe to the solution under nitrogen at 

tertiary butyl peroxide and benzoyl peroxide, as well as room temperature. After 15 min the solution was trans- 

hydroperoxides. 65 ferred with 35 ml of ethyl acetate into a 125 ml separa- 

The oligonucleotide can then be obtained by hydro- tory funnel. The solution was extracted four times with 

lytic cleavage to separate from the silica gel support, an aqueous, saturated solution of NaCl (80 ml). The 

usually after removal of blocking groups such as R organic phase was dried over anhydrous Na2S04 and 
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evaporated to a foam under reduced pressure. The foam 
was dissolved with toluene (10 ml) (IV was dissolved 
with 10 ml of ethyl aceUte) and the solution was added 
dropwise to 50 ml of cold hexanes (—78' C.) with vig- 
orous stirring. The cold suspension was filtered and the 
white powder was washed with 75 ml of cold hexanes 
(—78' C). The white powder was dried under reduced 
pressure and stored under nitrogen. Isolated yields of 
compounds I-IV were 90-94% (see Table I). 

TABLE I 
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COMPOUND 



6-3»P(ppm) 
(Acctone-d6) 



6-3»P(ppm) 
(COaa); 



ISOLATED 
YIELD 
(%) 



I 


-146.0, 


- 145,4 


-H7.7, 


-146.8 


93. 95* 


II 


-146.3, 


- 145.5 


-148.0, 


-147,0 


9Z, 95» 


III 


-146,1, 


- 145.8 


- 147.4, 


-147.3 


90. 98* 


IV 


-145.9, 


-145.7 


-147.7, 


-147,2 


90,98* 


la 


-139.6, 


-138.9 


-140.8. 


-139.9 


97** 


Ila 


-139.6, 


-139,0 


-140.6, 


-140.0 


94** 


Ilia 


-139.7,- 


-138.9 


-UlA 


-139.9 


97** 


IVa 


-140.3, 


-140.2 


-143.6, 


-141,9 


93** 



15 



20 



25 



30 



•Estimated purity from '*P-K,M.R. 
•^Estimated yidd from '*P-N.M.R. 

The purity of the products was checked by ^*P-N.M.R. 
Addhionally, when analyzed by ^ip.N.M.R., these 
compounds were stable for at least a month when stored 
at room temperature under nitrogen. Furthermore, no 
significant amount of (3*-3')dinucleoside phosphite was 
detected by ^ip-N.M.R. (less than 4%). The low con- 
tent of the (3'-3') dinucleoside phosphite represents a 
significant improvement over the prior art phosphite 
coupling procedure where a considerable amount of 
unwanted (3'-3') dinucleoside phosphite was unavoida- 
ble. 

The aminophosphoramidites I-IV were employed in 
condensation with 3'-0-blocked nucleosides to form 
intemucleotide bonds. The phosphoramidites were acti- 
vated by weak acids such as amine hydrochloride salts 
or tetrazoles. 

A. In the following procedure, the process was moni- 40 
tored using 31p-N.M.R. In a 10 mm. N.M.R. tube, 1.2 
molar equivalents of 3'-0-levulinyl thymidine and cx)lli- 
dine were added to a mixture formed by adding N,N- 
dimethylaniline hydrochloride (I mmol) in 0.51 ml dry 
CDC13 at room temperature under N2 to amidite com- 
pound I (0.5 mmol, — 147.7 and — 146.8 ppm) in 2 ml of 
dry, acid free CDCI3 and an essentially quantitative 
yield of dinucleoside phosphite la (— 140.8 and — 139.9 
ppm) was obtained. 

B. Amkiite compound I (0.5 mmol) and 3'-0- 
levulinylthymidine (0.6 mmol) were placed in a 10 mm 
N.M.R. tube and sublimed IH-tetrazole (1.5 mmol) in 
2.5 ml of dry acetonitriIe-d3 was added under nitrogen 
atmosphere. The 3*P-N.M.R. spectrum was immedi- 
ately recorded and displayed a quantitative yield of la. 
Similarly, dinucleosides were obtained when II, III and 
IV were reacted with 3'-levulinylthymidine as shown in 



Table I. The appropriate chemical shifts of compounds 
I-IV and la-I Va with respect to internal 5% v/v aque- 
ous H3PO4 standard are reported in Table I. 

EXAMPLE II 

Alternate procedure for Chloro-N,N-disubstiluted 
Aminomethoxyphosphine 

A 50 ml dropping funnel was charged with 3 1.59 g of 
N, N-Dimethylaminotrimethylsilane (42.1 ml, 0.27 mol) 
which wad added dropwise over 1 h under nitrogen 
atmosphere to 25 ml of cold (-15" C.) methoxydi- 
chlorophosphine (35.15 g, 0.27 mol) in a 250 ml round 
bottom flask. A white unidentified precipitate formed 
during the course of the addition. Once the addition was 
finished, the ice-acetone bath was removed and the 
suspension was stirred at room temperature for 1 h. The 
reaction mixture was then slowly vacuum distilled 
through a one foot long, vacuum Jacketed glass helices 
(3/32") column. The product distUled at 40'-42* C. II 
13 mm Hg and was isolated in 81% yield (30.77 g, 0.22 
mol). d"=1.115 g/ml. 3lp.N.M.R., =-179.5 ppm 
(CDCI3) with respect to internal 5% aqueous H3PO4 
standard. ^H-N.M.R. doublet at 3.8 and 3,6 ppm •'P- 
4=14 Hz (3H, OCH3) and two singlets at 2.8 and 2.6 
ppm (6H, N(CH3)2. TTie mass spectrum showed a par- 
ent peak at m/e=l41. 

(Anal, calcd. for C3H9aNOP: C, 24.45; H, 6.42; N, 
9.90; O. 11.30; P. 21.88. Found C, 24.53; H. 6.20; N, 
10.04; O, 11.08; P, 21.44. 

The procedure was successfully applied to the prepa- 
ratton of chloro-N, N-diethylaminomethoxyphosphine 
and chloropyrrolidino-methoxyphosphine. 

EXAMPLE III 
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The applicability of phosphoramidites I-IV to the 
synthesis of dcoxyoHgonucleotides on polymer supports 
was accomplished by condensing compounds I-IV with 
N-2-is6butyryldeoxyguanosine attached covalently to 
silica gel. Thus, N-2-isobutyryldeoxyguanosine (1 
/imole) covalently attached to silica gel (20 mg) at the 
3'-position, I (10 /imole), and IH-tetrazole (50 ^mole in 
0.1 ml dry acetonitrile) were shaken for 20 min and the 
reaction was then quenched with aqueous lutidine. The 
same reaction sequence was effected with II. Ill and IV. 
After the usual oxidation and deprotection procedures, 
d(TpO), d(CpG), d(ApO) and d(GpG) were obtained 
in 100%, 98%, 94%, and 93% yield respectively (mea- 
sured spectrometrically from the dimethoxytrityl cation 
using an extinction of 7 X 10* at 498 nm). These dinu- 
^ cleotides were completely degraded by snake venom 
phosphodiesterase and the appropriate nucleosides and 
ncleotides were obtained in the proper ratios (moni- 
tored via high pressure liquid chromatography analysis 
of snake venom phosphodiesterase hydrolysates). 

The following deoxynucleotides have been synthe- 
sized using this procedure: 
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d(C— T— C— A— A— A 
d(A— A— A— T— O— C— G 
d(T— T— T— G— A— G— C— C- 
d(T— C— A— T— C— C—T-G- 
j— A— A 
-T- 

d(T— C— T— C— A— A-^- 
d(T— G— A-G— G— A— T— A 
d(A— T— G— T— G— T— G— A- 
d(G— T-<;-G— T— A— A— A 




d(C— C— A— C— A— A- 
d(A-<;— C— T— A— T-G— G— G— T— T— T) 
d(T— T— A-O^— T— C— A— C— T— C— A) 
d(T— T— A— G— G— C— A— C— C— C) 
d(C— A— G— G— C— T— T— T— A— C— A) 
d(C— T— T— T— A— T— G— C— T— T— C) 
d(C— G— G— C— T— C— G— T— A) 
d(T— G— T— A— C— T— A— A— G) 
d(G— A-G— O— T— T-G— T— A— T— G) 
d(T— A-C— A— T— G— C— A— A) 
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The detailed procedure utilized is as follows: alternative, a solution of phenylisocyanate/Iutidine 

5'-0-DMT-N-benzoyldeoxyadenosine [DMT rd (45:55 by volume) and a 90 minute reaction time may be 

(bzA)] (0.66 g.. 1 mmole) in dry THF (3 ml) is added used for this step. This solution is then removed from 

dropwise under an argon atmosphere to a stirred solu- the modified silica gel by washing the support with 

tion of the THF (3 ml) containing methyldichloro- 5 THF and with acetonitrile. The first procedure is pre- 

phosphite (0.113 ml 1.2 mmblb) and 2. 4. 6 trimelhyl- ferred. This step can be eliminated or other reagents 

pyridine (0.633 ml. 4,8 mmole) at -78" C. After 10 that react with 5'-hydroxyl groups and are compatible 

minutes at -78" C, the reaction solution is filtered with the- overall chemistry can be substituted therefore, 

through a sintered glass funnel and solvent is renloved However, by including this step, the final purification of 

by concentration in vacuo. Ex' thyl phosphodi- 10 the desirable oligonucleotide is rendered much easier, 

chloridite is removed by dissolvmg resulting gum in This is because the complexity of the total synthetic 

toluene: THF (2 ml/ 2:1) and re-evaporating in vacuo to material bound to the support is reduced considerably, 

a gum. This procedure is repeated several times to in- The fmal step in each cycle is oxidation of the phosphite 

sured removal of the dichldridite. The nucleoside phos- to the phosphate. A composition of 0. 1 M I2 in water/2, 

phomonochloridite is converted to the tetrazolide. The 15 6 lutidine/THF (1:1:3) is preferred, although other ra- 

gum resulting from the final re-evaporation is dissolved tios can be used. Furthermore, other oxidizing agents 

in THF (2 ml). A solution of the selected secondary such as N-chlorosuccinimide or aryl or alkyl peroxides 

amine 0.9 mmole) in THF (2 ml) is then added dropwise could also be used. T-butyl peroxide is presently pre- 

with stirring -at -78' C. to the nucleoside phos- ferred as oxidizing agent. After the addition of the ap- 

phomonochloridite. After 10 minutes at —78" C, the 20 propriate activated nucleotides in any predetermined 

solution is transferred to a centrifuge tube, spun at low sequence, the deoxyoligonucleotide is removed froni 

speed, and the supernatant is removed. This solution the support by base hydrolysis and blocking groups 

contains the activated nucleoside phosphoramidite. If where present are also removed, either selectively i.e., 

not used immediately, this phosphoramidite can be stepwise, or in an overall hydrolysis treatment such as 

placed in long term storage after precipitation by drop- 25 heating at 50* C. in ammonium hydroxide, 
wise addition into dry pentane, followed by collection, what is claimed is: 

drying in vacuo, and storing in sealed tubes under argon 1, compound represented by one of the formulae: 
or other inert gas at room temperature, or lower tem- 
peratures, e.g. 0' C. All operations are performed under 

inert gas to avoid oxidation. At no time is the active 30 ro — ?" 

agent exposed to air. \ / r^qp 

The foregoing procedure is applicable for the prepa- ^ | 

rationof activated thymidine, deoxycytidtne, and deox- OA ^6 

yadenosine nucleotides. For the preparation of the acti- p— or R 

vated deoxyguanosine nucleotide, the procedure is the 35 | ' 

same except for the stoichiometry. The molar ratio of X 
5'-0-DMT-N-isobutyryldeoxyguanosine 

(DMTrd(ibG)]; methyldichlorophosphite; 2, 4. 6 trime- wherein B is a nucleoside or deoxynucleoside base; A is 

thylpyridine and tetrazole is 1:0.9:3.8:0.7. The steps H, OH or OR2 in which R2 is a blocking group; R is a 
necessary for addition of one nucleotide to the modified 40 blocking group; R| is a hydrocarbyl radical containing 

silica gel polymer support follow. The removal of the up to about 10 carbon atoms; and X is NRzRa* wherein 
dimethoxytrityl group from the nucleotide is accom- and R3 taken separately each represent alkyl. aryl, 

plished by exposing the modified silica gel support to aralkyl, cycloalkyl and cycloalkylalkyi containing up to 

0.1 M ZnBra in nitromethane for 15 to 30 minutes. The 10 carbon atoms; R2 and R3 when taken together form 
support is then washed initially with butanol:2.6 lutidi- 45 an alkylene chain containing up to 5 carbon atoms in the 

ne:THF (4:1 :5 by volume) and finally with THF. The principal chain and a total of up to 10 carbon atoms with 

solvent ratio is not important since this step is used to both terminal valence bonds of said chain being at- 

remove potential zinc esters of nucleosides. This step tached to the nitrogen atom to which R2 and R3 are 

could be eliminated but lower yields may result. Other attached; and R2 and R3 when taken together with the 
Lewis adds could be substituted for ZnBr2, such as 50 nitrogen atom to which they are attached form a satu- 

BF3, AICI3 and TiCU. However ZnBrz is preferred. rated nitrogen heterocycle including at least one addi- 

Protic acid can also be used. However approximately tional heteroatom from the group consisting of nitro- 

3-5% dcpurination of each purine by protic acids is gen, oxygen and sulfur, 
observed even when the amount of acid is reduced to 2, A compound represented by the formula: 
the minimum amount needed to remove the dimethoxy- 55 

trityl group. The next step in the process b condensa- ^ 
tion of the protected and activated nucleotide to the RO— 

nucleoside or oligonucleotide covalently bound to the \ / 

support. This is accomplished by using 10-15 equiva- | \ 

Icnts of the activated phosphoramidite and a reaction 60 OA 

time of about one hour. The solvent is anhydrous THF. p— oRi 

The next step in the process is the blocking of unreacted | 

5'-hydroxyl groups. This is accomplished using a solu- x 

tion of acetic anhydride, dimethylaminopyridine, pyri- .... 

dine and THF. This may also be accomplished using a 65 wherein B is a nucleoside or deoxynucleoside base; A is 

0.33 M solution of diethylmonotriazolophosphite in H, OH or OR2 in which R2 is a blocking group; R is a 

2,6-lulidine/THF (1:5 by volume). The reaction time is blocking group; Ri is a hydrocarbyl radical containing 

5 min. and is followed by a THF wash. As a further up to about 10 carbon atoms; and X is NR2R3. wherein 
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R2 and R3 taken separately each represent alkyi, aryl, 
aralkyl. cycloalkyl and cycloalkylalkyl containing up to 
10 carbon atoms; R2 and R3 when taken together form 
an alkylenc chain containing up to 5 carbon atoms in the 
principal chain and a total of up to 10 carbon atoms with 
both terminal valence bonds of said chain being at- 
tached to the nitrogen atom to which R2 and R3 are 
attached; and R2 and Rj when taken together with the 
nitrogen atom to which they arc attached form a satu- 
rated nitrogen heterocycle includ'!^'.;, / ^east one addi- 
tional heteroatom from the group consisting of nitro- 
gen, oxygen and sulfur. 

3. A compound according to claim 1 or 2 wherein R 
is a trityl group. 

4. A compound according to claim 1 of 2 wherein R 
is a di-p-anisy!phenylmelhyl group. 

5. A compound according to claim 1 or 2 wherein R 
is a p-anisyldiphenylmethyl group. 

6. A compound according to claim 1 or 2 wherein Ri 
is lower alkyl. 

7. A compound according to claim 1 or 2 wherein x 
is di-lowcr alkylamino. 

8. A compound according to claim 7 wherein X is 
dimethylamino. 

9. A compound according to claim 1 or 2 wherein X 
is a saturated nitrogen heterocyclic. 

10. A compound according to claim 9 wherein the 
nitrogen heterocyclic is piperidine, morpholine, or pi- 
perazine. 

11. A compound according to claim 1 or 2 wherein B 
is adenine, guanine, cytosine, uracil and thymine. 

12. The compound according to claim 2 wherein R is 
di-p-anisylphenylmethyl, B is 9-(N-6-benroyladeninyl), 
Ri is methyl, A is H and X is dimethylamino. 
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13. The compound according to claim 2 wherein R is 
di-p-anisylphenylmethyl, B is thyminyl, R| is methyl, A 
is H and X is dimethylamino. 

14. The compound according to claim 2 wherein R is 
di-p-anisylphenylmethyl, B is 1 -{N-4-benzoylcytosinyl), 
Rl is methyl, A is H and X is dimethylamino. 

15. The compound according to claim 2 wherein R is 
di-p-anisylphenylmethyl. B is 9-(N-6-benzoyladeninyl), 
Rl is methyl, A is H and X is pipcridino. 

16. The compound according to claim 2 wherein R is 
di-p-anisylphenyl methyl, B is 9-(N-2-isobutyrylguani- 
nyl), Rl is methyl, A is H and X is dimethylamino. 

17. A compound according to claim 1 wherein X is 
selected from the class consisting of dimethylamino, 
diethylamino, diisopropylamino, dibutylamino, methyl- 
propylamino, mcthylhexylamino, methylcyclo- 
propylamino, ethylcyclohexylamino, methylben- 
zylamino, methylcyclohexylmethylamino, butylcy- 
clohexylamino, morpholino, thiomorpholino, pyr- 
rolidine, piperidino, 2,6-dimethylptperidino and pipera- 
zino. 

18. A compound according to claim 1 wherein X is 
diisopropylamino. 

19. A compound according to claim 2 wherein X is 
selected from the class consisting of dimethylamino, 
diethylamino, diisopropylamino, dibutylamino, methyl- 
propylamino, mcthylhexylamino, methylcyclo- 
propylamino, ethylcyclohexylamino, methylben- 
zylamino, methylcyclohexylmethylamino, butylcy- 
clohexylamino, morpholino, thiomorpholino, pyr- 
rolidino, piperidtno, 2,6-dimethylpiperidino and pipera- 
zino. 

20. A compound according to claim 2 wherein X is 
diisopropylamino. 
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